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Description 

The present invention relates to a nucleic add-bondable magnetic cannier containing magnetic-responsive parti- 
cles, utilized for extracting or purifying a nucleic acid from a biological material containing the nucleic acid, or for purify- 
ing an amplified product of a nucleic acid. The present invention also relates to a method for isolating a nucleic add from 
a nucleic acid-containing biological material utilizing the magnetic can-ier and a magnetic field, and a kit for utilizing the 
method. 

In conventional methods for isolating a nucleic acid using a nucleic add-bondable magnetic cannier. It is known to 
utilize magnetic- responsive partides having a superparamagnetic iron oxide core covered with a polymeric silane layer 
to which a biocompatible molecule (for example, a nucleic add) is covalentiy bonded (JP-A-60-1564). 

A metiiod for determining a ligate concentration induding the following st^ is also known: (1) using magnetic- 
responsive partides containing superparamagnetic iron oxide covered with a polymeric silane layer to whidi a biocom- 
patible molecule is capable of being bonded; (2) reacting a sample sdution containing a ligate, a known amount of a 
labeled ligate, and the magnetic-re^onsive partides to which a ligate-spedfic ligand is bonded, so as to form a ligand- 
ligate complex on the magnetic-responsive partides; (3) magnetically separating the magnetic-responsive partides 
from ttie reaction solution; (4) measuring the labeled ligate which is bonded to tiie magnetic-responsive partides or free 
labeled ligate In the reaction solution; and (5) applying the measurement of the label ligate to the standard curve so as 
to obtain the ligate concentration. This metiiod is descrtoed in JP-B-7-6986. 

In the above-mentioned metiiods, in order to bond the nudeic acid to the magnetic-responsive particles, it is nec- 
essary to form a silane layer to which a biocompatible molecule (for example, a nucleic add) is covalentiy bonded. 

Furthermore, an analyzing method and apparatus are known utilizing a sequence of a nucleic add whidi is bonded 
to a material sensitive to tfie magnetic field (WO-A-86/058i5). The metiiod utilizes a magnetic or magnetizable partide 
covered witii a material whidi is capable of bonding to a single strand nucleic ackJ so as to separate and detect the sin- 
gle strand nudeic acid. More specifically, the surface of the magnetic partide is covered with nib-ocellulose, which is a 
type of cellulose derivative, and nitrocellulose is specifically bonded to a single strand DNA or RNA. TTie single strand 
DNA or RNA collected by tiie metiiod is utilized for sequendng. 

In tiie metiiod, it is necessary to specifically bond the single strand DNA or RNA to the magnetic carrier. 

It is also known to utilize a poly-cationic substrate for purifying, separating and hybridizing a nucleic add, espedally 
for purifying and separating a nudeic acid containing contaminants (JP-A-1-502319). 

In ttie metiiod, a sample solution containing contaminants is contacted with tiie poly-cationic solid sifjport (mag- 
netic-responsible partide) so as to non-covalentiy bond the nucleic add to the support without excessively bonding con- 
taminants contained in the sample solution to the sipport. The support to which the nudeic add has been bonded is 
then separated from the solution. Examples of the support indude metal oxide, glass and polyamlde. Examples of the 
poly-cationic magnetic-responsive partides Indude magnetic microspheres (typically, magnetic amine microspheres). 
The bond between the nucleic acid and the support Is considered to be biased on an ionic bond between the magnetic 
amine microspheres having a positive diarge and a sugar phosphate principal chain in tiie nudeic acid having a neg- 
ative charge. 

Furthermore, it Is also known a method for isolating a substance of interest in biological material utilizing magnetic 
partides consisting of a polymeric inner core partide and a magnetic-responsive metal oxide/^jolymer coating uniformly 
covering the core particle (JP-A-2-501 753). 

The method indudes the steps of reacting the magnetic partides with a biological material so as to form a complex 
consisting of the magnetic partides and a substance from tiie biological material; separating the complex from the bio- 
logical material; and removing ttie magnetic particles from the complex so as to obtain the substance. 

In ttie method, a pdymer such as polystyrene is used as an inner core particle, and metal oxide and a polymer such 
as polystyrene uniformly cover tiie Inner core particle. 

Superparamagnetic particles with a plurality of separated oligonudeotide sequences having monodispersibility 
(less tfian 5% of partide diameter distrtoution). and a method for produdng magnetic partides which covalentiy bond 
or adsorb the oligonudeotides to functtonal groups (for example, biotinyl groups) or molecules on the surface ttiereof Is 
known, ft is also known to utilize a partide to which oligonucleotide is covalentiy bonded or adsoited as a probe of a 
nudeic add (WO-A-90yD6045). The object of ttie metiiod Is to specifically forni covalentiy bonds or adsort) a probe of a 
nudeic add utilized for hybridization to ttie partide. Therefore, ttie above-mentioned particles are not a can-ier which 
non-spedfically immobilize (i.e., bonds or adsorbs) a large amount of nudeic adds. 

As described above, in tiie methods utilizing a silane or polymeric layer on ttie surface of the magnetic particle car- 
rier, a nudeic add is, for example, covalentiy bonded to ttie silane or polymeric layer on the earner surface. Such metti- 
ods require providing functional groups on ttie camer (magnetic partide) surface. Accordingly, while such mettiods are 
advantageous to the separation or ttie quantitation of nudeic acids utilizing ttie specific adsorption thereof, tfiey are not 
suitable for a solid phase can-ier which non-spedfically adsorbs a large amount of nudeic adds so as to produce a high 
yiekJ. 

In ttie case of utilizing surface-coated magnetic partides as a sdkJ phase carrier for isolating a nudeic add. a large 



EP0757106A2 



particle (for exanple, having a diameter of more than 20 fim) is capat^le of responding to a weak magnetic field or a 
small magnetic field variation; however, it tends to rapidly precipitate and have insufficient dispersibility. Therefore, it is 
difficult for such large particles to adsorb and immobilize a small nudeic add such as plasmid DNA in the reaction which 
requires homogeneity such as a solid phase adsorption. Furthermore, large partides have a smaller spedfrc surface 
s per weight than that of small particles. As a result, a large particle is only capable of bonding a small amount of biolog- 
ical material thereto. 

Small partides (for example, having a diameter of less than 0.1 ^m) have outstanding specific surface and dispers- 
ibility; however, tiiey have insuffident settling properties. Therefore, when small particles are used in a s^aration uti- 
lizing the magnetic field, a larger and more expensive magnet having a larger magnetic charge is required, and it takes 
10 a longer time to separate the particles utilizing magnetic field. 

Regarding a metiiod utilizing silica partides for purifying a nudeic add. a column sanation essentially utilizing 
high performance liquid chromatography (HPLC) apparatus has been conventionally used. A desired nucleic add is 
adsorbed to the silica carrier surface by passing a syrithesized nucleic add or an amplified product through tiie column. 
An impurity can be washed away by rinsing with a washing buffer. The desired nucleic acid can be collected using a 
15 buffer. The method has an advantage in that the cdumn comprising silica carriers can be used repeatedly. However, 
the isolation of a nucleic acid from whole t)lood (which is a biological material) cannot be conducted because the col- 
umn clogs. As a result, the method has disadvantages In that only a small amount of a nudeic acid can be collected. In 
addition, the apparatus utilized for the method is very expensive. 

A method for separating a nucleic acid from a biotogrcal material (for example, whole blood, urine) utilizing silica 
20 partides as sdid phase cannier is also known (JP-A-2-289596 and JP-B-7-13077). 

However, in such a method that utilizes silica partides as a canrier. complicated procedures are required (for exam- 
ple, centrifugation nrtust be conducted many times). In addition, after adding the sample solution to the partides, tiie 
metiiod requires a mixing operation by vigorously stining with a vortex mixer in order to suff icientiy mix the sample sdu- 
tion and tiie particles. Because of tiie vigorous stin-ing. a nucleic add contained in tiie sample tends to be degraded, 
25 and as a result a long-chain nudeic acid can hardly be separated. 

As described above, there are various problems related to non-specrflcally immobilizing a large anrK)unt of nudeic 
acids. 

The nucleic add-bondable magnetic carrier of tiie present invention comprises magnetic silica partides containing 
a superparamagnetic metal oxide, wherein the magnetic silica particles have a spedfic surface of about 100 to about 
30 800 m^/g. 

In one embodiment of the present invention, the magnetic silica particles are a composite of a superparamagnetic 
metal oxide having a surface covered with silica and an inorganic porous matrix material composed of fine silica parti- 
cles, and are substantially spherical. 

In another en^odiment of the present invention, the si^erparamagnetic metal codde is iron oxide. 
35 In still another embodiment of tiie present invention, the superparamagnetic metal oxide is contained in an amount 
of about 1 0 to about 60 percent by weight. 

In still another embodiment of the present invention, the magnetic silica partides have an average suriace pore 
diameter of about 0. 1 to atx3ut 60 nm and has a pore volume of about 0.01 to about 1 .5 ml/g. 

In still another embodiment of the present inventbn. the magnetic silica particles have a particle diameter of ebovX 
40 0.5 to about 15 fim. 

According to another aspect of the invention, a metiiod for isolating a nucleic add Indudes the steps of: 

mixing a nucleic acid-bondable magnetic canrier which comprises magnetic silica particles containing a superpar- 
amagnetic metal oxide arxi having a specific surface of about 100 to about 800 m^/g, a material containing a 
45 nucleic add and a solution for extracting the nucleic add so as to form a sample solution; 

separating the magnetic carrier to which the nudeic add has been bonded from tiie sample solution using a mag- 
netic field; and 

eluting the nucleic acid from the magnetic carrier to which the nudeic add has been bonded. 

50 In one emtxxiiment of the present invention, the nucleic acid is a nucleic add in a plasmid or an amplified product. 
In another embodiment of the present invention, the solution for extracting the nudeic acid contains a chaotropic 
material. 

In still another emtxxiiment of the present invention, the chaotropic material is selected from guanidine salts, 
sodium iodide, potassium iodide, sodium tiiiocyanate. sodium isothiocyanate, urea and oombinatior^ thereof. 
55 In still another emt>odiment of the present inverrtion. tiie method utilizes an elution buffer in the eluting step. 
In still anotiier embodiment of the present invention, tiie buffer is TE buffer or sterilized water. 
According to still anotiier aspect of the invention, a metiiod for detecting a nudeic acid includes the steps of: 

mixing a nucleic acid-bondable magnetic cannier which comprises magnetic silica partides containing a superpar- 
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amagnetic metal oxide crystal and having a specific surlace of about 100 to atx)ut 800 m?/g, a material containing 
a nucleic acid and a solution for extracting the nudeic add so as to form a sample solution; 
separating the nrtagnetic cannier to which the nudeic acid has been bonded from the sample solution using a mag- 
netic field; 

5 eluting the nucleic add from the nr^gnetic carrier; and 
detecting a target nucleic add. 

In one embodiment of the present invention, the method further indudes the step of amplifying the eluted nucleic 
acid. 

10 According to still another aspect of the invention, a kit for isolating a nucleic add indudes a nudeic add-bondable 
magnetic can-ier which comprises magnetic silica partides containing a superparamagnetic metal oxide and having a 
specific surface of about 100 to about 800 nt^/g, and a solution for extracting the nucleic add. 

Thus, the invention described herein makes possit}le tiie advantages of (1) providing a magnetic carrier which is 
capable of non-specificdlly adsorbing a large amount of nucleic acids and tiierefore has an excellent collection effi- 

15 dency: (2) providing a method for isolating a nucleic acid, which is capable of non-spedf ically adsorbing a large amount 
of nudeic acids and therefore f^s an excellent collection effidency; (3) providing a method for isolating a nucleic add 
having an excellent operabilrty; (4) providing a method for isolating a nudeic acid, which can be easily automatized; (5) 
providing a method for detecting a nucleic add having an excellent operabilrty; (6) providing a metiiod for detecting a 
nudeic add. which can be easily automatized: and (7) providing a kit utilized for such methods. 

20 The nucleic add-bondable magnetic cannier of the present invention is a magnetic silica particles containing a 
superparamagnetic metal oxide. The magnetic silica partides of tiie present invention are capable of bonding a nucleic 
acid and separating solid and liquid by utilizing a magnetic fieM. 

A nucleic add is borxJed to the magnetic silica partide of the present invention via a hydrogen bond which is formed 
between a hydroxyl group on the particle surface and a base of the micleic add. 

25 The magnetic silica partides of the present invention have a specific surface of about 1 00 to about 800 m^/g. pref- 
erably- about 200 to about 600 m^/g, and more preferably about 300 to about 500 m^/g. The specific surlace can be 
determined by a nitrogen gas adsorption metiiod which is defined by JIS K1 150 "Test methods for silica gels". In ttie 
case where the specific surface of the magnetrc silica partides is less than about 100 m^/g, tiie capability of adsorbing 
a nucleic add is insufficient. As a result, only a small amount of nudeic acids can be collected In many cases. In tiie 

30 case where the specific surface exceeds about 800 m^/g, a pore volume of tiie particle becomes too large. As a result, 
since only a small amount of sample solution can t>e collected by elution, only a small amount of nudeic acids can be 
collected in many cases. 

In a preferred embodiment of the invention, the magnetic silica partides of the present invention are a composite 
of the superparamagnetic metal oxide having a surface covered with silica and an inorganic porous mab'ix material 
35 composed of fine silica partides. The magnetic silica particles are SLi)stantially spherical. 

The SL^erparamagnetic metal oxide used in the present invention refers to the metal oxide which is responsive to 
a magnetic field variation but is not permanentiy magnetized, and has a small residual magnetization. 

A prefen-ed exanple of the superparamagnetic metal oxide is iron oxide. As iron oxide, tiiiron teti-aoxide (Fe304), 
iron sesquioxide (TFe203). which is obtained by gradually oxidizing triiron tetraoxide, and the like may be used. Triiron 
40 tetraoxide is especially preferably used. The superparamagnetic metal oxide is preferably in tiie form of partide, and 
more preferably in the fomi of substantially spherical particles. The diameter of tiie superparamagnetic metal oxide is 
preferably in the range of about 0.2 to about 0.4 fim, more preferably in tiie range of about 0.25 to about 0.30 ^m. Since 
triiron tetraoxide having a substantially spherical form has an espedally small residual magnetization and a smootii sur- 
face, it can be used repeatedly in separating operations. Furthermore, the magneto silica particle containing tiiiron 
46 tetiaoxide has excellent stability in neutral and weak acidic aqueous solutions and is capable of being stored more tiian 
two years in tiie solution. 

The amount of tiie superparamagnetic metal oxide contained in the magnetic silica particles of tiie present inven- 
tion may vary depending on tiie magnetization intensity of tiie metal oxide; however, the amount is preferably in tiie 
range of about 10 to about 60 percent by weight, more preferably in tiie range of about 20 to about 40 percent by weight. 
so By providing the superparamagnetic metal oxide in the magnetic silrca particles in such a preferable range, tiie mag- 
netic carrier (i.e.. ^e magnetic silica partide) can be rapidly separated from tiie sample solution utilizing commerdally 
available magnets. 

Furthermore, an average surface pore diameter of the magnetic silica particle is preferably in the range of about 
0.1 to about 60 nm, and more preferably in the range of about 0.5 to atx>ut 10 nm. A pore volume of the magnetic silica 
55 partides is preferably in tiie range of about 0.01 to about 1 .5 nWg, and more preferably in the range of about 0.1 to 
about 0.5 ml/g. The surface pore diameter arxJ the pore volume are determined by a nitrogen gas adsorption method 
which is defined according to JIS K1150 Test methods for silica gels". 

The spedf ic surface and the pore volume depend on the size of surface pore diameter. The larger the surface pore 
diameter is, tiie larger the specific surface are and the pore volume are. The larger tiie specific surface is, the larger tiie 
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adsoibed amount of nucleic acid is; however, the collected antount of nucleic acid tends to decrease because the pore 
volume also becomes large. In the above-mentioned range of the specific surface and the pore volume, a remarkably 
large amount of nucleic acid can be collected. 

The particle diameter of the magnetic silica particle is preferably in the range of about 0.5 to about tSjun. and more 
preferably in the range of about 1 to about 10 ^m. In such a range, the magnetic silica particle has an excellent dispers- 
it^lity from mixing. 

The most preferred magnetic silica particles satisfy the following requirements: (1) they contain a superparamag- 
netic iron oxide; (2) they have a specific surface of about 1 00 to about 800 m^/g; (3)the iron oxide is almost covered with 
silica; (4) they are a composite of the iron oxide covered with silica and an inorganic porous matrix material conposed 
of fine silica particles; (5) they contain the iron oxide in an amount of about 10 to about 60 percent by weight; (6) they 
have an average surface pore diameter of about 0.1 to about 60 nm; (7) they have a pore volume of about O.Ol'to about 
1 .5 ml/g; and (8) they have a particle diameter of about 0.5 to about 15 jim. 

The magnetic silica particles of the present invention can be produced according to the method described, for 
example, in Japanese Patent Publication No. 6-47273. For example, triiron tetraoxide (Fe^O^ particles are added to a 
tetraethoxysilane/alcohol solution and the iron oxide particle is di^ersed in the solution by ultrasortication. A hydrolytic 
catalyst for tetraethoxysilane is added to the dispersion and silica particles are deposited on the surface of the iron 
oxide particle while the iron oxide particle is dispersed by ultrasonication. Sodium silicate, an organic solvent (for exam- 
ple, toluene) and a surfactant (for example, sortitan monostearate) are added to the dispersion thus obtained, so as to 
form .W/0 type emulsion. The emulsion is added to an aqueous ammonium sulfate solution and the mixture is thor- 
oughly stirred. The emulsion is then filtered to separate the particles from the emulsion. The particles are washed with 
water, precipitated in alcohol and dried to obtain a desired spherical silica particle. 

The magnetic silica particles of the present invention have a specific surface much larger than that of a conven- 
tional magnetic particle. Therefore the magnetic silica particles of the present invention are capable of non-spedfically 
adsorbing a large amount of nucleic adds. Furthermore, since the magnetic silica particles have excellent dispersibility. 
they are easily mixed with a sample containing a nucleic add and a solution for extracting the nucleic add. As a result! 
a large amount of nudeic acids can be easily collected by elution. 

A method for isolating a nucleic add of tiie present invention includes the steps of mixing a nudeic acid-bondable 
magnetic carrier, which is a magnetic silica partide containing a superparamagnetic metal oxide and has a specific sur- 
face of about 100 to about 800 m^/g, a material containing a nudeic add and a solution for extracting the nudeic acid 
so as to form a sample solution; separating tiie magnetic carrier to which the nudeic acid has been bonded from the 
sample solution using a magnetic field; and eluting the nudeic add from the magnetic carrier to which the nucleic acid 
has been bonded. 

The step of mixing the nuclac add-bondable magnetic canier. the material containing the nudeic acid and the solu- 
tion for extracting tiie nudeic add can be conducted using, for example, a commerdally available vortex mixer. The mix- 
ing step can also be conducted by shaking or inverting a sample tube containing the above-mentioned contents. 

The step of separating tfie magnetic earner to which the nucleic add has been bonded from the sanple solution by 
using a magnetic field can be conducted utilizing a magnet. The magnet having a magnetic flux density of preferably 
about 200 to about 4000 Gauss, and more preferably about 2000 Gauss can be used. For example, the magnet is put 
close to the side wall of the sample tube containing the nudeic add-bondable magnetic canier, the material containing 
the nudeic add and the solution for extracting the nudeic add so as to bring tfie magnetic can-ier togetfier at the side 
wall of the tube. The magnetic canier is tiien separated from the solution. 

The step of eluting the nucleic add from the magnetic carrier to which tfie nudeic add has been bonded can be 
conducted, for example, as follows. The magnetic canier to which the nudeic acid has been bonded is washed several 
times with an aqueous solution of about 70% ethanol and then dried. Thereafter, a sdution having a low ionic strength 
(for example. Tris-EDTA buffer (TE buffer), sterilized water) Is added to the carrier. In such a manner, the nudeic acid 
which is bonded to the magnetic carrier can be eluted. 

The metiiod for isolating a nucleic add of tiie present invention does not require specifically bonding a single strand 
DNA or RNA to the magnetic canrier. 

The material containing the nucleic add used in the present invention is a biological material containing protein, 
membrane. DNA or RNA. low molecular weight nudeic add and the like. Examples of the biological material indude a 
bacteriophage, virus and bacteria containing protein, membrane. DNA or RNA, low molecular weight nucleic add and 
tile lite, and combinations thereof. For the purpose of purification, tiie nudeic add may also be a nucleic add in plasmid 
or arrfilif ied product. 

The solution for extracting the nucleic add used in the present invention includes buffer containing e.g. chaotropic 
material. EDTA or tris HCI. Examples of chaotropic material indude guanidine salts, sodium iodide, potassium iodide, 
sodium ttiiocyanate. sodium isotiiiocyanate and urea. The chaotropic material can be used alone or in combination! 
The concenti-ation of chaotropic material in the solution is preferably in the range of about 1 to about 10 mole/I. and 
more preferably in the range of about 3 to about 5 mole/I. 

Prefenred examples of tiie solution for extracting the nudeic acid in tiie present invention include guanidine tfiiocy- 
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anale, Triton X-100, and Tris-HQ buffer. 

An elution buffer such as TE buffer or sterilized water can be used in order to elute and collect tfie nucleic acid. 

In the method for isolating a nucleic add of the present invention utilizing magnetic silica particles as a solid phase 
can'ier. the specific surface of the solid phase carrier is several times as large as that in the case where conventional 
porous glass or magnetic fine particle is used. As a result, according to the method of the present invention, a large 
amount of nucleic acids can be collected. 

According to the method for isolating a nudeic acid of the present invention, the extracted nucleic acid can be 
bonded to the canier in a high concentration salt solution. Furthennore, the elution of the nucleic acid can be conducted 
in a solution having a low ionic strength (for example, TE buffer, sterilized water). 

A preferred example of the method for Isolating a nucleic add of the present invention includes the following proce- 
dures. 

(1) A solution for extracting a nudeic acid is put into a microcentrifuge tube. Then, a whole blood sample is added 
to and mixed with the solution. 

(2) A dispersion containing a magnetic silica partide in sterilized water is added into the tube. 

(3) The sample in the tube is repeatedly mixed and allowed to settle at an appropriate interval. 

(4) The above-mentioned tube is set up at a magnetic stand which conforms to the shape of the tube so as to bring 
the magnetic silica partide together at the side wall of the tube. 

(5) The solution is drawn off by suction with a filter tip. The solution may also be drawn off by decantation p.e.. 
inverting the magnetic stand with the tube being set up); however, this operation has contamination problems due 
to splashing of waste liquid. Therefore, the filter tip is preferably used for drawing off the solution. 

(6) After taking out the tube from the magnetic stand, a washing buffer containing guanidine thiocyanate is added 
into the tube. 

(7) After sufficiently mixing the magnetic silica particles and the washing buffer, the tube is set up at a magnetic 
stand. Then, the solution is drawn off in the atxjve-mentioned manner. 

(8) The washing procedure described in (6) and (7) is performed again, 

(9) TTie magnetic silica partides are washed with appropriate organic soIvent(s) (for example, about 70% ethanol 
solution and acetone solution) in the above-mentioned manner so as to remove high concentration guanidine thio- 
cyanate. 

(10) Again, the magnetic silica partides are washed with appropriate organic solvent(s) (for example, about 70% 
ethanol solution and acetone solution). 

(1 1) The tube is placed and left in a heat block at an appropriate temperature (for example, an elevated temperature 
of about Se^C) so as to substantially remove the organic solvent by evaporation. 

(12) Sterilized water is added into the tube. The tube is tiien placed in the heat block at an appropriate temperature 
(for example, an elevated temperature of about 56*^C). Thereafter, the procedure described in (3) is repeated. 

(13) The tube is set up at the magnetic stand. Then, tiie solution to be collected is moved to another tube with the 
filter tip. 

(14) If desired, the collected solution may be stored at an appropriate tenperature (for example, about -yo^'C). 

A nudeic add isolated by the method of tiie present invention may be amplified by a method of amplifying a nucleic 
acid, and may be detected by a detectable protw, if necessary 

Examples of the method of amplifying a nudeic add include Polymerase Chain Reaction (PGR) method and 
Nudeic Add Sequence Based Amplification (NASBA) method. A prefen*ed example of the metiiod of amplifying a 
nudeic add indudes the steps of: (A) denaturing a target nucleic add to obtain a single strand nucleic add, if neces- 
sary; (B) reacting the single strand nucleic add with fonward and reverse primers having a nudeotide sequence com- 
plementary to that of the target nudeic add and four kinds of dNTP in a buffer containing thermostable DNA 
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polymerase, so as to anneal the primers to the single strand nucleic acid and initiate a primer extension; (C) separating 
the extended product to obtain a single strand; and (D) repeating the steps (B) and (C). 

According to the present invention, if necessary, the target nucleic add is detected, for e)Qmple. by hybridizing a 
labeled probe with the amplified product of the above-mentioned amplifying method. 

As a labeled probe, an oligonucleotide having a nucleotide sequence complementary to that of the target nucleic 
ackj, which is capable of binding a label material or label-binding material thereto, can be used. 

Examples of the label material include enzymes such as alkaline phosphatase, peroxidase, galactosidase, fluores- 
cent materials, and radioactive materials. Examples of the label-binding material include biotin and digoodgenin. T?ie 
label material can be bound to the probe via biotin, digoxigenin or avidin. 

A method for incorporating the label material into the probe includes a method for synthesizing a probe utilizing 
dNTP which is capable of binding a label material or label-binding material thereto 

As a method for detecting a nucleic acid to which a labeled probe is bound, any known methods, such as Northem 
hybridization and Southern hybridization, can be used. 

In detecting the label, for exanple. In the case where alkaline phosphatase Is used as the label material, only a 
nucleic acid hybridized with the labeled probe is luminesced when the label material is reacted with a chemiluminescent 
substrate (for example. 1,2<iioxetane compound (PPD)). The size and position on electrophoresis of a target nucleic 
acid can be determined by exposing the luminesced nucleic acid on an X-ray film. 

A kit for isolating a nucleic acid of tiie present invention comprises a nudeic add-bondable magnetic carrier which 
conrp-ises magnetic silica particles containing a superparamagnetic metal oxide and has a specific surface of about 
1 00 to about 800 m^/g. and a solution for extracting the nudeic ackJ. 

The magnetic carrier and tiie solution for extracting the nudeic acid contained in tiie kit are as described above. 

According to tiie present invention, since the magnetic silica partides have a specific surface much larger than that 
of conventional magnetic partides, the magnetic silica partides are capable of non-specifically adsoiting a large 
amount of nudeic adds. Furthermore, since tiie magnetic silica particles have excellent dispersibility, it is easily mixed 
with a sample containing a nudeic acid and a solution for extracting the nucleic add. As a result, a large amount of 
nudeic adds can be cdlected by elution. Accordingly, by utilizing tiie magnetic silica particles, a method for isdating 
and detecting a nudeic add, and a kit for isolating a nudeic add, having a high nudeic add yield, are provided. 

Hereinafter, the present invention will be described by way of an illustrative example. 

Examples 

The magnetic silica partides used in the examples of the present invention are described as follows: (0 the particle 
diameter is 1 to 10 jim; (ii) the content of triiron tetraoxide is 30 percent by weight; (iiO the specific surface is 400 m^/g; 
(iv) the pore volume Is 0,15 ml/g; and (v) the average surface pore diameter is about 1.20 nm. The particles are manu- 
factured by Suzuki Yushi Co. Ltd. 

The particle diameter, specific surface, pore volume, and surface pore diameter of the magnetic silica particles are 
determined by a metiiod which is defined by JIS K1 150 Test methods for silica gels". 

Since ttie magnetic silica particles are not easily dispersed in an aqueous solution. It is inconvenient in operation if 
the partides are directly dispersed in the sample solution. Therefore, the dispersion containing 0.5 g of the partides In 
1 cc of sterilized water was previously prepared. 

Example 1 : A metiiod for isolating a nu cleic add from a bfoloaical material 

A whole Wood sample positive to metiiidllin resistant Staphylococcus aureus (MRSA) was used as a biological 
material. Tris-HCI buffer containing 5M guanidine thiocyanate and Triton X-100 was used as a solution for extracting a 
nudeic acid. Tris-HQ buffer containing guanidine thiocyanate was also used as a washing buffer. 70% ethanol solution 
and acetone solution were used for removing hig^ concentration salt. Furthemx)re, sterilized water was used as an elu- 
ent for collecting tiie nucleic add which is bonded to the solid phase carrier (magnetic silica particle). 

The procedures of tiie Example are as follows. 

(1) 900 mJ of a solution for extracting a nucleic acid was put into 1 .5 cc microcentrifuge tube. Then. 100 fil of whole 
blood sample was added to and mixed with the solution. 

(2) 1 40 fil of the above-mentioned dispersion containing magnetic silica partides In sterilized water was added Into 
the tub& 

(3) The sample in the tube was mixed and allowed to settle for two minutes, and tiie same procedure was per- 
formed four more timea 
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(4) The above-mentioned tube was set up at a magnetic stand which conforms to the shape of the tube so as to 
bring the magnetic silica partides together at the side wall of the tube. 

(5) The solution w^ drawn off by suction with a filter tip. 

(6) After taking out the tube from the magnetic stand, 1 oc of washing buffer containing guanidine thiocyanate was 
added into the tube. 

(7) After thoroughly mixing the magnetic silica particle and the washing buffer, the tube was set up at the magnetic 
stand. Then, the solution was drawn off in the above-mentioned manner. 

(8) The washing procedure was pertbmned again. 

(9) The magnetic silica particle was washed with 1 cc of 70% ethanol solution in the above-mentioned manner so 
as to remove the high concentration of guanidine thiocyanate. 

(10) Again, the magnetic silica particles were washed with 1 cc of 70% ethanol solution and 1 cc of acetone solu- 
tion. 

(11) The tube was placed in a heat block at about 56«C and left for ten minutes so as to substantially remove ace- 
tone from the Xdbe and the magnetic silica particle by evaporation. 

(12) 100 \i\ of sterilized water was added into the tU)e. The tube was then placed in the heat block at about SS^'C. 
Thereafter, the sample in the tube was mixed and allowed to settle for two minutes, and the same procedure was 
performed four more times, 

(13) The tube was set up at the magnetic stand. Then, the solution to be collected was moved to another tube writh 
the fflter tip. The volume of the collected solution is usually about 70 \il 

(14) In tiie case where tiie collected solution is stored, it was stored at -70*'C. 

The concentration of nucleic acid in the solution thus collected was determined by measuring absorbance (OD. at 
260 nm) by absorption photometry. The amount of collected nucleic add was determined with multiplying the concen- 
tration by the volume of the collected solution. 

Comparative Example 1 

For comparison, a commerdally available kit for extracting a nudeic acid (IsoquicK produced by Microprx^e Inc.) 
was used. The extraction of the nudeic add was conducted in the following manner. First, the biological sanple of 
Example 1 was reacted witii a chaotropic material, resulting in disruption of cell membrane and inhibition of nudease 
activity. Then, tiie nudeic add was moved into the aqueous phase while the remaining mater^s were left in organic 
phase. Finally, the nudeic acid was predpitated witii alcohol so as to be taken out from aqueous phase. 

The concentration and collected amount of nucleic add thus collected were detennined in ttie above-mentioned 
manner. 

The results of Example 1 and Comparative Example 1 are shown in Table 1 below. 



Table 1 



An amount of collected nudeic add 




Example 1 


Comparative Example 1 


The collected amount (ng) 


108.0 


74.5 



As is apparent from Table 1 , the amount of collected nudeic add in Example 1 (aocoiding to tiie present invention) 
is higher than that in Comparative Example 1 . 
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Example 2 : The test for determining a collection efficiency usina a nudeic add sample having a known MRSA concen- 
tration 

After metfiicillin resistant Staphylococcus aureus (MRSA) was cultured, the concentration (the number of MRSA) 
was calculated. The nucleic acid which had been extracted from MRSA by add guanidium thiocyanate phenol-chloro- 
form (AGPC) method was added to whole Wood from healthy volunteers to prepare a test sample. The nudeic acki 
solution without whole Wood was used as a control sample. Using both samples, the collection efficiency of the nudeic 
acid using the magnetic silica partide of Example 1 was determined. 

Tegt sample 

100 ^1 of the nudeic add solutions from MRSA of 10"^ celis/100 ^1 and 10^ cells/100 jxl were respectively added to 
whole Wood from healthy volunteers to prepare the test samples. 

A method for isolating a nucleic acid 

The nudeic add was extracted in the same manner as in Example 1. 

A method for amolrfvina a nudeic acid 

PGR method was conducted using two optimum primers (SEQUENCE ID NOS. 1 and 2) from mecA g&xe 
sequences. 30 cydes of one minute at 94*C, one minute at 55*C. and one minute at 75**C were conducted. 

A method for detecting the nudeic acid 

A dot-plot method described below was employed as a method for detecting the nudeic add. A probe (SEQUENCE 
ID NO. 3) was produced from mecA gene sequences. The probe was labeled with alkaline phosphatase. Sandwich 
hybridization was conducted for the amplified test sample by using the labeled probe. After addition of 1 ,2-dioxetane 
compound (PPD) as a luminescent substrate, the luminescence level for the sample was measured using a detection 
meter. 

Collection eff idency 

TTie amount of collected nucleic add was calculated based on the measured luminescence level by a wellknown 
calculation method. The collection efficiency was determined with dividing the collected amount of the test sample by 
that of the control sample. 

OomparativeEx^niPleg 

The nudeic acid was extracted in the same manner as in Comparative Example 1 using a commerdally available 
kit for extracting a nudeic acid (IsoquicK produced by Microprobe Inc.). The collection effidency was calculated in the 
same manner as in Example 2. 

The results of Example 2 and Comparative Example 2 are shown in TaWe 2 below. 



TaWe2 



Collection efficiency 


Sample 


Example 2 


Comparative Exanple 2 


10^ cells/100 |aJ 


50% 


12% 


10^ cells/100 Ml 


30% 


10% 



As is apparent from TaWe 2. the collection efficiency of the nucleic acid in Example 2 (according to the present 
invention) is higher than ttutt in Comparative Example 2. 
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Example 3 : The test for determining a collection efficiency using a linear DNA fragment 

A whole blood sample of a healthy volunteer was used as a biological material. A linear DNA fragment described 
below was added to the sample and recovered therefrom. The nucleic acid was recovered from the biological material 
according to the isolation method in Example 1 . 

A linear DNA fragment 

10 ng/^tl of pBluescriptlt/Scal fragment (2.96 kbp) or 40 ng/^J of r/Hindllt digest was used. 

The collected nucleic acid was detected by the dot-plot method in the same manner as in Example 2. The collection 
efficiency of the nucleic add was calculated in the same manner as in Example 2. 

CompgrativQ Example 3 

For comparison, the nucleic add was isolated in the following procedure. After the sample of Example 3 was 
treated with a prescribed extracting solution, the nucleic add was adsorbed with silica resin. The silica resin was col- 
lected in a filter cup and washed. Rnally. the nudeic add was eluted with sterilized water or diluted TE buffer. The eluted 
nudeic add was collected using a commerdally available hit for extracting a nudeic acid (ClearCut Minlprep Kit, pro- 
duced by Stratagene Inc.). The procedure was as follows: (a) 100 ^1 of the sannple. 100 ^1 of Solution 3 (which is con- 
tained in the above-mentioned kit), and 10 ^1 of the silica dispersion were put into the tube of tiie kit; (b) After mixing, 
the particles were collected with a spin cotunrm and a supernatant was removed; (c) The partides were washed twice 
with 500 \i\ of washing buffer; and (d) 100 ^1 of TE buffer was added to the washed partides and a supematant was 
collected. 

The collection efficiency was calculated in the same manner as in Example 2. 

The results of Example 3 and Comparative Example 3 are shown in Tables 3 and 4 below. 



Tables 



10 ng/(il of pBluescriptll/Scal sample 




Example 3 


Comparative Exanple 3 


Collection efficiency 


50% 


40% 



Table 4 



40 ng^l of yHindlll sannple 




Example 3 


Comparative Example 3 


Collection efficiency 


30% 


20% 



As is apparent from Tables 3 and 4, the collection effidency of tiie DNA fragment in Example 3 (according to the 
present invention) is higher than tiiat in Comparative Example 3. 

The method for Isolating the nucleic add using the magnetic silica particles of the present invention is capable of 
non-spedfically adsorbing a large anrK>unt of nudeic acids and therefore has an excellent collection efficiency. Further- 
more, since the method of the pr^ent invention has excellent operability. it is useful for research or the pre-treatment 
of dinical spedmen wherein a large number of specimens must be treated in a short time. Since the method of the 
present invention is also capable of effectively extracting DNA and/or RNA. it Is useful for a pre-treatment of various 
methods of amplifying a nudeic acid. In addition, since the method of the present invention separates the magnetic par- 
tide from the sample solution using a magnetic field, it can be easily automatized. 

Various otiier modifications will be apparent to and can be readily made by tfiose skilled in tiie art without departing 
from the scope and spirit of this invention. Accordingly, it is not intended that the scope of the daims appended hereto 
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be limited to the description as set forth herein, txit rather that the claims be broadly construed. 

SEQUENCE LISTING 

(2) INFORMATION FOR SEQ ID NO: 1; 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: both 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid, synthetic DNA 

(ix) FEATURE: 

(B) LOCATION: 1..20 

(C) IDENTIFICATION METHOD: by similarity with knovm 

sequence or to an established consensus 

(D) OTHER INFORMATION: comprising of the sequence 

complementary to staphylococcus sequence 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 1: 

GAACCTCTGC TCAACAAGTT 20 

(2) INFORMATION FOR SEQ ID NO: 2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: both 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid, synthetic DNA 
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(ix) FEATURE: 

(B) LOCATION: 1 . . 20 

(C) IDENTIFICATION METHOD: by similarity with known 

sequence or to an established consensus 

(D) OTHER INFORMATION: comprising of the sequence 

complementary to staphylococcus sequence 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 



AAATTTGAAA AAGGCATGAA 20 



(2) INFORMATION FOR SEQ ID NO: 3: 



(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 27 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: both 

(D) TOPOLOGY: linear 



(ii) MOLECULE TYPE: other nucleic acid, synthetic DNA 

(ix) FEATURE: 

(B) LOCATION: 1..27 

(C) IDENTIFICATION METHOD: by similarity with known 

sequence or to an established consensus 

(D) OTHER INFORMATION: comprising of the sequence 

complementary to staphylococcus sequence 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 

TAGAATCATC AGATAACATT TTCTTTG 27 
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(2) INFORMATION FOR SEQ ID NO: 4: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 25 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : both 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid, synthetic DNA 

(ix) FEATURE: 

(B) LOCATION: 1..25 

(C) IDENTIFICATION METHOD: by similarity with known 

sequence or to an established consensus 

(D) OTHER INFORMATION: comprising of the sequence 

complementary to staphylococcus sequence 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4: 

TAGAGTAGCA CTCGAATTAG GCAGT 25 



Clainis 

1 . A nudQc add-bondable magnetic carrier, which comprises magnetic silica partides comprising a superparamag- 
netic metal oxide, wherein the nnagnetic silica partides have a specific surface of about 100 to about 800 nf /g. 

2. A nucleic acid-bondable nnagnetic can-ier according to claim 1 , wherein the magnetic silica particles are a corrpos- 
ite of a superparamagnetic metal oxide having a surface covered with silica and an inorganic porous matrix material 
composed of fine silica particles, and are substantially spherical. 

3. A nucleic acid-bondable magnetic can-ier according to daim 1 . wherein the superparamagnetic metal oxide is iron 
oxide. 

4. A nucleic add-bondable magnetic carrier according to daim 1 , wherein the superparamagnetic metal oxide is con- 
tained In an amount of about 10 to about 60 percent by weight. 

5. A nucleic acid-bondable magnetic carrier according to daim 1 , wherein the magnetic silica particles have an aver- 
age surface pore diameter of about 0.1 to about 60 nm and has a pore volume of about 0.01 to about 1.5 ml/g. 

6. A nudeic add-bondable magnetic carrier according to daim 1 , wherein the magnetic silica particles have a particle 
diameter of about 0.5 to about 15 jim. 
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7. A method for isolating a nudeic acid, comprising the steps of: 

mixing a nucleic acid-borxiable magnetic carrier which is magnetic silica particles comprising a superparamag- 
netic metal oxide and having a specific surface of about 100 to about 800 m^/g, a material containing a nucleic 
acid and a solution for extracting the nucleic add so as to form a sample solution; 

separating the magnetic carrier to which the nudeic acid has been bonded from the sample solution using a 
magnetic field; and 

eluting the nudeic acid from the magnetic carrier to which the nucleic acid has been bonded. 

8. A method for isolating a nucleic add according to claim 7, wherein the nudeic acid is a nudeic add in a plasmid or 
an amplified product. 

a A method for isolating a nudeic add according to claim 7. wherein the solution for extracting the nudeic add com- 
prises a chaotropic material. 

10. A method for isolating a nudeic add according to daim 9, wherein'the chaotropic material is selected from guani- 
dine salts, sodium iodide, potassium iodide, sodium thiocyanate. sodium isothiocyanate, urea and combinations 
thereof. 

1 1 - A method for isolating a nudeic acid according to claim 7, utilizing an elution buffer in the eluting step. 

12. A method for isolating a nudeic acid according to claim 1 1 . wherein the buffer is TE buffer or sterilized water. 

13. A method for detecting a nucleic add, comprising the steps of: 

mixing a nudeic add-bondable magnetic carrier which comprises magnetic dlica particles containing a super-* 
paramagnetic metal oxide crystal and having a specific surface of about 100 to about 800 m^/g, a material 
comprising a nucleic acid and a solution for extracting tiie nucleic add so as to form a sarrple solution; 
separating the magnetic earner to which the nudeic acid has been bonded from the sample solution using a 
magnetic field; 

eluting tiie nudeic acid from the magnetic carrier; and 
detecting a target nudeic add. 

14. A mettiod for detecting a nudeic add according to claim 13, further comprising the step of arrplifying the eluted 
nucleic add. 

15. A kit for isolating a nudeic add. conprising a nudeic add-bondable magnetic canier which corrprises magnetic 
silica particles comprising a superparamagnetic metal oxide and having a specific surface of about 100 to about 
800 nr/g. and a solution for extracting the nudeic add. 
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